CLAIMS 



1. A robot apparatus comprising: 
movable means; 

center-of -gravity horizontal position trajectory 
determining means for solving a motion equation with a 
boundary condition regarding a center-of-gravity horizontal 
position trajectory of the robot apparatus so that the 
moment around a horizontal axis at a point within a support 
polygon defined by a plurality of portions of the movable 
means contacting a floor is zero or approximately equal to 
zero, and so that at least the position and speed of the 
center of gravity of the robot apparatus in a next control 
period are connected to the position and speed of the center 
of gravity of the robot apparatus in a current control 
period when the movable means is in contact with the floor; 

center-of-gravity vertical position trajectory 
determining means for solving a motion equation with a 
boundary condition regarding a center-of-gravity vertical 
position trajectory of the robot apparatus so that vertical 
translational force acting upon the robot apparatus other 
than gravity is equal to or approximately equal to zero, and 
so that the vertical position and speed of the center of 
gravity of the robot apparatus in the next control period 
are connected to the vertical position and speed of the 
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center of gravity of the robot apparatus in the current 
control period when the movable means is not in contact with 
the floor; and 

motion state determining means for determining a motion 
5 state of the robot apparatus in the next control period so 
that the moment around the center of gravity of the robot 
apparatus is equal to or approximately equal to zero, and so 
that the, position of the center of gravity determined by the 
center-of -gravity horizontal position trajectory determining 
10 means and the center-of -gravity vertical position trajectory 
determining means is satisfied when the movable means is not 
in contact with the floor. 

2- A robot apparatus according to Claim 1, wherein the 
15 motion state determining means determines the motion state 
of the robot apparatus in the next control period using 
Jacobian determined from a motion state of the robot 
apparatus in the current control period. 

20 3. A robot apparatus according to Claim 1, wherein the 

center-of -gravity horizontal position trajectory determining 
means solves the motion equation with the boundary condition 
regarding the center-of-gravity horizontal position 
trajectory of the robot apparatus so that ZMP where the 

25 moment around a pitch axis and the moment around a roll axis 
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of the robot apparatus are zero exists within the support 
polygon instead of the moment around the horizontal axis at 
the point within the support polygon being equal to or 
approximately equal to zero when the movable means is in 
5 contact with the floor. 

4. A robot apparatus according to Claim 1^ wherein the 
center-of-gravity horizontal position trajectory determining 
means solves the motion equation with the boundary condition 

10 regarding the center-of-gravity horizontal position 

trajectory of the robot apparatus so that the horizontal 
momentum is substantially constant instead of the horizontal 
translational force being equal to or approximately equal to 
zero when the movable means is not in contact with the floor, 

5. A robot apparatus according to Claim 1, further 
comprising center-of-gravity position/speed measuring means 
for measuring the position and the speed of the center of 
gravity of the robot apparatus, wherein the center-of- 

20 gravity horizontal position trajectory determining means and 
the center-of-gravity vertical position trajectory 
determining means set the position and speed of the center 
of gravity of the robot apparatus in the current control 
period measured by the center-of-gravity position/speed 

25 measuring means as an initial boundary condition of the next 
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control period for the motion equations with the boundary 
conditions. 

6. A robot apparatus according to Claim 1, wherein the 
5 motion state determining means determines the motion state 

of the robot apparatus using the orientation angle of a main 
body of the robot apparatus as a manipulation quantity. 

7. A robot apparatus according to Claim 1, wherein the 
10 motion state determining means determines the motion state 

of the robot apparatus using a waist joint angle of the 
robot apparatus as a manipulation quantity. 

8- A robot apparatus according to Claim 1, wherein the 
15 motion state determining means determines the motion state 
of the robot apparatus in the next control period so that 
the angular momentum around the center of gravity is 
constant instead of the moment around the center of gravity 
of the robot apparatus being equal to or approximately equal 
20 to zero when the movable means is not in contact with the 
floor. 

9. A robot apparatus comprising: 
movable means; 

25 center-of -gravity horizontal position trajectory 
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determining means for calculating a center-of-gravity 
horizontal position trajectory of the robot apparatus based 
on the moment around a horizontal axis acting upon the robot 
apparatus and a temporal continuity of at least the position 
5 and speed of the center of gravity of the robot apparatus 
when the movable means is in contact with a floor; 

center-of-gravity vertical position trajectory 
determining means for calculating a center-of-gravity 
vertical position trajectory of the robot apparatus based on 

10 vertical translational force acting upon the robot apparatus 
other than gravity and a temporal continuity of at least the 
vertical position and the speed of the center of gravity of 
the robot apparatus when the movable means is not in contact 
with the floor; and 

15 motion state determining means for determining a motion 

state of the robot apparatus so that the moment around the 
center of gravity of the robot apparatus and the position of 
the center of gravity determined by the center-of-gravity 
horizontal position trajectory determining means and the 

20 center-of-gravity vertical position trajectory determining 

means are satisfied when the movable means is not in contact 
with the floor. 

10. A device for controlling motion of a robot 
25 apparatus comprising movable means ^ the device comprising: 
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center-of-gravity horizontal position trajectory, 
determining means for solving a motion equation with a 
boundary condition regarding a center-of-gravity horizontal 
position trajectory of the robot apparatus so that the 
5 moment around a horizontal axis at a point within a support 
polygon defined by a plurality of portions of the movable 
means contacting a floor is zero or approximately equal to 
zero, and so that at least the position and speed of the 
center of gravity of the robot apparatus in a next control 

10 period are connected to the position and speed of the center 
of gravity of the robot apparatus in a current control 
period when the movable means is in contact with the floor; 

center-of-gravity vertical position trajectory 
determining means for solving a motion equation with a 

15 boundary condition regarding a center-of-gravity vertical 

position trajectory of the robot apparatus so that vertical 
translational force acting upon the robot apparatus other 
than gravity is equal to or approximately equal to zero, and 
so that the vertical position and speed of the center of 

20 gravity of the robot apparatus in the next control period 
are connected to the vertical position and speed of the 
center of gravity of the robot apparatus in the current 
control period when the movable means is not in contact with 
the floor; and 

25 motion state determining means for determining a motion 
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state of the robot apparatus in the next control period so 
that the moment around the center of gravity of the robot 
apparatus is equal to or approximately equal to zero, and so 
that the position of the center of gravity determined by the 
5 center-of-gravity horizontal position trajectory determining 
means and the center-of-gravity vertical position trajectory 
determining means is satisfied when the movable means is not 
in contact with the floor. 

10 11- A method for controlling motion of a robot 

apparatus comprising movable means, the method comprising 
the steps of: 

determining a center-of-gravity horizontal position 
trajectory in which a motion equation with a boundary 

15 condition regarding the center-of-gravity horizontal 

position trajectory of the robot apparatus is solved so that 
the moment around a horizontal axis at a point within a 
support polygon defined by a plurality of portions of the 
movable means contacting a floor is zero or approximately 

20 equal to zero, and so that at least the position and speed 
of the center of gravity of the robot apparatus in a next 
control period are connected to the position and speed of 
the center of gravity of the robot apparatus in a current 
control period when the movable means is in contact with the 

25 floor; 
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determining a center-of-gravity vertical position 
trajectory in which a motion equation with a boundary 
condition regarding the center-of-gravity vertical position 
trajectory of the robot apparatus is solved so that vertical 
5 translational force acting upon the robot apparatus other 

than gravity is equal to or approximately equal to zero, and 
so that the vertical position and speed of the center of 
gravity of the robot apparatus in the next control period 
are connected to the vertical position and speed of the 

10 center of gravity of the robot apparatus in the current 

control period when the movable means is not in contact with 
the floor; and 

determining a motion state of the robot apparatus in 
the next control period so that the moment around the center 

15 of gravity of the robot apparatus is equal to or 

approximately equal to zero, and so that the position of the 
center of gravity determined by the center-of-gravity 
horizontal position trajectory determining means and the 
center-of-gravity vertical position trajectory determining 

20 means is satisfied when the movable means is not in contact 
with the floor, 
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12. A method for controlling motion of a robot 
apparatus according to Claim 11, wherein, in the motion 
state determining step, the motion state of the robot 
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apparatus in the next control period is determined using 
Jacobian determined from a motion state of the robot 
apparatus in the current control period. 

5 13. A method for controlling motion of a robot 

apparatus according to Claim 11^ wherein^ in the step of 
determining the center-of-gravity horizontal position 
trajectory, the motion equation with the boundary condition 
regarding the center-of-gravity horizontal position 

10 trajectory of the robot apparatus is solved so that ZMP 

where the moment around a pitch axis and the moment around a 
roll axis of the robot apparatus are zero exists within the 
support polygon instead of the moment around the horizontal 
axis at the point within the support polygon being equal to 

15 or approximately equal to zero when the movable means is in 
contact with the floor. 

14. A method for controlling motion of a robot 
apparatus according to Claim 11, wherein, in the step of 

20 determining the center-of-gravity horizontal position 

trajectory, the motion equation with the boundary condition 
regarding the center-of-gravity horizontal position 
trajectory of the robot apparatus is solved so that the 
horizontal momentum is substantially constant instead of the 

25 horizontal translational force being equal to or 
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approximately equal to zero when the movable means is not in 
contact with the floor. 

15. A method for controlling motion of a robot 

5 apparatus according to Claim 11, further comprising the step 
of measuring the position and the speed of the center of 
gravity of the robot apparatus, wherein, in the step of 
determining the center-of-gravity horizontal position 
trajectory and in the step of determining the center-of- 

10 gravity vertical position trajectory, the position and speed 
of the center of gravity of the robot apparatus in the 
current control period measured in the step of measuring the 
position and speed of the center of gravity are set as an 
initial boundary condition of the next control period for 

15 the motion equations with the boundary conditions . 

16. A method for controlling motion of a robot 
apparatus according to Claim 11, wherein, in the motion 
state determining step, the motion state of the robot 

20 apparatus is determined using the orientation angle of a 

main body of the robot apparatus as a manipulation quantity. 
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17. A method for controlling motion of a robot 
apparatus according to Claim 11, wherein, in the motion 
state determining step, the motion state of the robot 
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apparatus is determined using a waist joint angle of the 
robot apparatus as a manipulation quantity. 

18. A method for controlling motion of a robot 

5 apparatus according to Claim 11, wherein, in the motion 
state determining • step, the motion state of the robot 
apparatus in the next control period is determined so that 
the angular momentum around the center of gravity is 
constant instead of the moment around the center of gravity 
10 of the robot apparatus being equal to or approximately equal 
to zero when the movable means is not in contact with the 
floor . 

19. A method for controlling motion of a robot 

15 apparatus comprising movable means, the method comprising 
the steps of: 

determining a center-of-gravity horizontal position 
trajectory in which the center-of-gravity horizontal 
position trajectory of the robot apparatus is calculated 
20 based on the moment around a horizontal axis acting upon the 
robot apparatus and a temporal continuity of at least the 
position and speed of the center of gravity of the robot 
apparatus when the movable means is in contact with a floor; 
determining a center-of-gravity vertical position 
25 trajectory in which the center-of-gravity vertical position 



trajectory of the robot apparatus is calculated based on 
vertical translational force acting upon the robot apparatus 
other than gravity and a temporal continuity of at least the 
vertical position and the speed of the center of gravity of 
the robot apparatus when the movable means is hot in contact 
with the floor; and 

determining a motion state of the robot apparatus so 
that the moment around the center of gravity of the robot 
apparatus and the position of the center of gravity 
determined in the step of determining the center-of-gravity 
horizontal position trajectory and the step of determining 
the center-of-gravity vertical position trajectory is 
satisfied when the movable means is not in contact with the 
floor. 



